Introduction
============

The intelligence quotient (IQ), in particular the verbal IQ, is strongly related to academic achievement,[@b1-ndt-9-163]--[@b4-ndt-9-163] and specific subsets of cognitive factors are also of importance. Geary[@b5-ndt-9-163] followed the mathematics and reading achievements of children from grades 1 to 5 and found that working memory and processing speed contributed above and beyond the contribution of general intelligence. Poor working memory and slow processing speed are commonly found in children with a variety of developmental disorders, and have been singled out as "important neurocognitive factors".[@b6-ndt-9-163] These factors reflect capacities that are sensitive to neurological deficits and are keystones in executive functions, that include components of attention, reasoning, planning, inhibition, focus shift, overview, and working memory.[@b7-ndt-9-163]--[@b9-ndt-9-163]

Low processing speed and poor working memory are reported in children with autism spectrum disorders,[@b10-ndt-9-163] in children with language impairment,[@b11-ndt-9-163] and in individuals with borderline intellectual functioning (slow learners).[@b12-ndt-9-163] Alloway[@b12-ndt-9-163] compared working memory and other executive function measures in children with borderline intellectual functioning (IQ 70--85) with those in children with IQ \> 95, and found that students with borderline intellectual functioning had a highly distinct profile characterized by deficits in working memory and other executive functions. The same has also been found in children with intellectual/learning disability.[@b13-ndt-9-163] Thus, it seems that processing speed and working memory are closely connected and of importance in the process of learning to read. Reading problems in children with ADHD were studied by Jacobson et al,[@b14-ndt-9-163] who reported that processing speed deficits affected reading efficiency and that children with ADHD who decode words accurately can still have inefficient reading fluency that will further affect cognitive processes. Katz et al[@b15-ndt-9-163] studied older adolescents with ADHD and reading disorders and compared the cognitive results with those having ADHD alone. Their results supported the hypothesis that those with both ADHD and reading problems had more difficulties with processing speed and working memory than those who had only ADHD. Working memory has also been found to be linked to outcome in mathematics.[@b5-ndt-9-163],[@b16-ndt-9-163]

The data of interest for the present study were originally collected from three different studies, all addressing cognitive factors in relation to clinical presentations of learning and attention problems or disorders. We found very similar cognitive profiles across clinically defined groups and, in accordance with other studies,[@b17-ndt-9-163] discovered that low working memory capacity and slow processing speed were not limited to attention disorders such as ADHD. An emerging hypothesis for the present study was that there are certain common cognitive profiles in pupils who present with learning, behavior, and attention difficulties during the school years, irrespective of whether they meet full criteria or not for an established diagnosis.

Materials and methods
=====================

In the present study, data from three previously reported samples were collapsed to create a single dataset: a population-based group of children, aged 10--11 years, who had been screened as positive for attention, behavior, and/or learning problems (n = 144);[@b18-ndt-9-163] a representative group of teenagers aged 16--17 years, who had had language impairment and had attended special preschools (n = 13);[@b19-ndt-9-163] and a group of teenagers aged 16--19 years who had not been able to complete compulsory elementary school (n = 45)[@b20-ndt-9-163] and were therefore attending a school in a special program with the intention of attaining the required goals. The collapsed group consisted of 202 pupils. The three samples of children and adolescents described above represent a heterogeneous population, but have, as a common denominator, developmental problems of learning, behavior, and attention of varying degrees of severity. All children/adolescents had been clinically assessed and they had all had a full cognitive and pediatric/neuropediatric assessment, which included obtaining reports from parents and/or teachers.

Cognitive assessment
--------------------

The Wechsler Intelligence Scale for Children (WISC) III[@b21-ndt-9-163] had been used in all individuals. At the time of the first data collection,[@b18-ndt-9-163] WISC IV had not been introduced in Sweden yet. At the time of the second[@b19-ndt-9-163] and third[@b20-ndt-9-163] data collections, WISC IV had been introduced, but the norms were not considered to be sufficiently reliable. WISC is made up of 13 subtests designed to measure various aspects of intelligence. It yields a full scale IQ, based on ten subtests, a verbal IQ, and a performance IQ. The verbal IQ is based on five subtests, reflecting vocabulary, common knowledge and information, logical verbal ability and practical reasoning, ability to make analyses and draw conclusions, and mathematical knowledge. The subtests are: information, similarities, vocabulary, comprehension, and arithmetic. The performance IQ is based on five subtests, intended to measure spatial thinking, processing speed, and various aspects of nonverbal reasoning and intelligence. The subtests are picture completion, coding, picture arrangement, block design, and object assembly.

In addition, four Kaufman indices can be computed: verbal comprehension index (based on information, similarities, vocabulary, and comprehension); perceptual organization index (based on picture completion, picture arrangement, block design, and object assembly); freedom from distractibility index (based on arithmetic and digit span); and processing speed index (based on coding and symbol search). The freedom from distractibility index is a measure of verbal working memory and requires the ability to focus and pay attention. The 13th subtest, ie, mazes, is not included in any of the indices or the IQ scales.

Complete WISC data were obtained for 198 pupils (128 boys and 70 girls). A full scale IQ of ≤70, between 71 and 84, and ≥85 had been observed in 34 (18%), 52 (26%), and 112 (56%) of the youngsters, respectively.

The general ability index was developed by Prifitera et al[@b22-ndt-9-163] for use with the WISC III in order to provide additional flexibility in describing a broad intellectual ability. The WISC III general ability index provides a measure of general cognitive ability based on eight subtests: information, similarities, vocabulary, comprehension, picture completion, picture arrangement, block design, and object assembly, ie, the subtests comprising the verbal comprehension and the perceptual organization indices. Thus, it does not include the influence of arithmetic or coding required to obtain the full scale IQ.

The WISC III freedom from distractibility index and processing speed index reflect executive functions. The subtests that comprise these indices measure verbal working memory, set shifting, attention, graphomotor, and processing speed abilities.

Neurodevelopmental assessment
-----------------------------

All pupils had varying degrees of learning problems and had been individually assessed by teams who were specialized in neurodevelopmental disorders. The evaluations had been based on information from parents, school health staff/teachers, and questionnaires. ADHD had been determined according to DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition) criteria[@b23-ndt-9-163] unless a pupil already had an established diagnosis of ADHD made by a specialized pediatric or psychiatric team on an earlier occasion. Subthreshold ADHD had been determined to be when the pupil met 4--5 of the nine DSM-IV criteria in the domains of inattention and/or hyperactivity/impulsivity.[@b24-ndt-9-163] The criteria for ADHD (n = 58) or subthreshold ADHD (n = 10) had been met in a total of 68 pupils (48 boys and 20 girls). The remaining 130 individuals (80 boys, 50 girls) comprised children who did not meet the criteria for ADHD or subthreshold ADHD, but had milder attention-related problems.

Both groups included children who, in addition to attention-related problems, had a diagnosed mild intellectual disability and/or had been diagnosed with an autism spectrum disorder. In the group of 68 children with ADHD/subthreshold ADHD, two had intellectual disability and four had autism spectrum disorder. The corresponding numbers in the group of 130 pupils with milder attention problems were seven and six, respectively. The mean (±standard deviation) total IQ was similar in the two groups, at 86.90 ± 14.54 for those with ADHD/subthreshold ADHD and at 85.52 ± 20.08 for the group with milder learning and attention problems (*t*~196~ = −0.50, *P* = 0.616)

Statistical analysis
--------------------

Three indices were computed: the general ability index, calculated as the average of the verbal comprehension and perceptual organization indices; the freedom from distractibility index, based on the arithmetic and the digit span subtests; and the processing speed index, based on the coding and symbol search subtests. Two separate 2 × 3 analyses of variance with the type of index (ie, general ability index, freedom from distractibility index, and processing speed index) as a within-subject factor and the index score as the dependent variable were performed,[@b1-ndt-9-163] one with gender as a between-subject factor and one with group (referring to classification according to ADHD/subthreshold ADHD or existence of milder attention-related problems) as a between-subject factor. Both analyses were considered to fulfill the sphericity assumption (Mauchly's W = 0.984, df = 2, *P* = 0.216 and Mauchly's W = 0.987, df = 2, *P* = 0.288, respectively).

The first and second studies had been approved by the regional ethical review board in Stockholm and had been performed in accordance with the tenets of the Declaration of Helsinki; the third study had been performed within a quality project being undertaken among schools in Stockholm.

Results
=======

A 2 × 3 analysis of variance with gender as a between-subject factor, type of index (general ability index, freedom from distractibility index, and processing speed index) as a within-subject factor, and index score as the dependent variable, revealed a main effect relating to the type of index (*F*~2,392~ = 18.06, *P* \< 0.001, η^2^~partial~ = 0.084) and indicating that the children performed differently on the three indices. As can be seen in [Figure 1](#f1-ndt-9-163){ref-type="fig"}, performance was considerably higher on the general ability index than on the two other indices. This was also confirmed with pairwise comparisons using the Bonferroni method to adjust for multiple comparisons (*P* \< 0.001 for the difference between general ability index and freedom from distractibility index as well as for the difference between general ability index and processing speed index, but the difference between freedom from distractability index and processing speed index was not significant). Moreover, the differences between the indices were more pronounced for boys, as revealed by a significant gender × type of index interaction effect (*F*~2,392~ = 4.07, *P* = 0.018, η^2^~partial~ = 0.020). It can also be seen in [Figure 1](#f1-ndt-9-163){ref-type="fig"} that the mean scores for all indices and for both boys and girls were significantly below 100 (ie, the mean for the general population).

The main effect of type of index was maintained when comparing pupils having ADHD/subthreshold ADHD with those having milder attention problems rather than gender in a 2 × 3 analysis of variance (*F*~2,390~ = 25.87, *P* \< 0.001, η^2^~partial~ = 0.12). As can be seen in [Figure 2](#f2-ndt-9-163){ref-type="fig"}, the two groups had very similar scores on the general ability index and on the freedom from distractibility index, but on the processing speed index the children with ADHD/subthreshold ADHD performed slightly worse than the children with relatively mild attention problems. However, the group × type of index interaction was not significant (*F*~2,390~ = 2.77, *P* = 0.064, η^2^~partial~ = 0.014).

The reason for not using one single 2 × 2 × 3 analysis of variance with gender and group as between-subject factors and type of index as a within-subject factor was that this would lead to very different numbers in the different cells (ranging from 20 girls with ADHD/subthreshold ADHD to 80 boys with milder attention problems). When we performed such an analysis (disregarding the violation of the analysis of variance assumptions in so doing) we obtained the same results.

Discussion
==========

Our main findings from this relatively large group of school children with different degrees and severity of attention difficulties were that all cognitive indices were significantly below 100, and the general ability index significantly exceeded the freedom from distractibility index and processing speed index. This pattern was evident in both the ADHD/subthreshold ADHD group and in the group with milder attention problems, and the difference between the indices was especially pronounced in boys.

Executive deficits, demonstrated as low processing speed and low verbal working memory capacity, have been reported in many neurodevelopmental groups, including in individuals with autism spectrum disorders, language impairment, borderline intellectual functioning, and intellectual/learning disability, but above all in individuals with ADHD.[@b7-ndt-9-163],[@b25-ndt-9-163]--[@b28-ndt-9-163]

In our study, the group was heterogeneous and comprised pupils previously assessed in three different studies, the common denominator being that all of those included in the investigations had had learning, behavior and attention difficulties in school. One subgroup (comprising approximately one third of the total group) met the criteria for ADHD/subthreshold ADHD and the other subgroup (approximately two thirds of the total group) consisted of children who had relatively mild attention problems, but did not meet the criteria for ADHD or subthreshold ADHD. The two groups exhibited the same cognitive pattern, with significantly lower verbal working memory and processing speed indices than one would expect for their overall intellectual ability. Thus, the discrepancy was also evident in children with less pronounced attention problems, indicating that the finding might also be valid in the large group of children with subclinical problems that are not regularly identified. Not all children who underperform at school have the degree of difficulty associated with a diagnostic label, and these pupils run the risk of not being properly identified and, consequently, of not having their cognitive deficits recognized and addressed. Our results indicate that the same cognitive deficits can be found in pupils with relatively mild attention problems and are in accordance with those of Cabral.[@b29-ndt-9-163] Cabral pointed out that ADHD is on a spectrum, with milder attention deficit/hyperactivity problems, and that boundaries with regard to "normality" are blurred.

This view was also corroborated in our previous study, in which we could demonstrate that children with ADHD and those with behavioral, learning, and milder attention problems at the age of 10--11 years had a significantly lower mean grade than a comparison group when finishing compulsory schooling at the age of 16 years.[@b3-ndt-9-163]

The findings of the present study underscore this finding and broaden the scope concerning executive problems or weaknesses. In children with learning difficulties, a cognitive evaluation will often be helpful in explaining underachievement in a demanding classroom situation. The ideology of today's schools in many parts of the world is inclusion, but the more subtle types of learning difficulties may not be recognized in inclusive settings. In particular, a low processing speed is especially difficult to pin down, for teachers, parents, and pupils themselves. It is important to recognize the group comprised of those with relatively mild learning and attention-related problems at school because their general cognitive capacity may mask their executive difficulties.

The interplay between working memory and processing speed has been studied, and it has been reported that processing speed strongly influences working memory. A faster processing speed makes it possible to process more information in less time, so the functional capacity of working memory increases.[@b30-ndt-9-163]

The present study has certain limitations. Although the three clinical groups are heterogeneous with regard to age group, sample size, and inclusion criteria, they represent school children with clinically evident learning, attention, and behavior problems, reported by teachers, parents, and in most cases, by the pupils themselves. We consider that the heterogeneity could also be a strength of the study, because we were able to include a group of children with relatively mild subclinical problems, and this latter group is not generally recognized and included.

Executive function is a broad concept, including several different aspects. In this study, executive function was expressed only by two of the WISC-III indices, giving a narrow interpretation of executive function.

In conclusion, the results indicate the importance of paying attention to cognitive factors in children with different kinds of learning and attention-associated problems. This is true for those presenting with an average general IQ, but with relatively mild attention-related problems, as well as for those with problems of sufficient severity to warrant a clinical diagnosis.

Financial support for this research was obtained from the Center for Competence in Care, based at Stockholm University.

**Disclosure**

The authors report no conflicts of interest in this work.

![Mean index scores with 95% confidence intervals for the three indices (GAI, FDI, and PSI) and for boys and girls.\
**Abbreviations:** CI, confidence interval; GAI, general ability index; FDI, freedom from distractibility index; PSI, processing speed index.](ndt-9-163f1){#f1-ndt-9-163}

![Mean index scores with 95% confidence intervals for the three indices (GAI, FDI, and PSI) and for children with mild attention problems versus children with ADHD/subthreshold ADHD.\
**Abbreviations:** ADHD, attention deficit hyperactivity disorder; CI, confidence interval; GAI, general ability index; FDI, freedom from distractibility index; PSI, processing speed index.](ndt-9-163f2){#f2-ndt-9-163}
